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Abstract
For the first time a principle-component analysis is used to separate out different orthogonal modes of the two-
particle correlation matrix from heavy ion collisions. The analysis uses data from sNN=2.76TeV PbPb and
sNN=5.02TeV pPb collisions collected by the CMS experiment at the CERN Large Hadron Collider. Two-particle
azimuthal correlations have been extensively used to study hydrodynamic flow in heavy ion collisions. Recently it was
shown that the expected factorization of two-particle results into a product of the constituent single-particle
anisotropies is broken. The new information provided by these modes may shed light on the breakdown of flow
factorization in heavy ion collisions. The first two modes ("leading" and "subleading") of two-particle correlations are
presented for elliptical and triangular anisotropies in PbPb and pPb collisions as a function of pT over a wide range of
event activity. The leading mode is found to be essentially equivalent to the anisotropy harmonic previously extracted
from two-particle correlation methods. The subleading mode represents a new experimental observable and is shown
to account for a large fraction of the factorization breaking recently observed at high transverse momentum. The
principle-component analysis technique was also applied to multiplicity fluctuations. These also show a subleading
mode. The connection of these new results to previous studies of factorization is discussed. ©2017 CERN, for the
CMS Collaboration. Published by the American Physical Society under the terms of the Creative Commons Attribution
4.0 International license. Further distribution of this work must maintain attribution to the author(s) and the published
article's title, journal citation, and DOI.
Funding details
Funding number Funding sponsor Acronym
California Earthquake Authority CEA
Ministerstwo Nauki i Szkolnictwa Wyższego MNiSW
Joint Institute for Nuclear Research JINR
Pakistan Atomic Energy Commission PAEC
C-1845 Welch Foundation
Thailand National Science and Technology Development Agency NSTDA
675440
Fundacja na rzecz Nauki Polskiej FNP
Korea Research Council for Industrial Science and Technology ISTK
◅ Back to results
 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...
View at Publisher
Physical Review C
Volume 96, Issue 6, 5 December 2017, Article number 064902
Sirunyan, A.M.ais Tumasyan, A.a Adam, W.b Ambrogi, F.b Asilar, E.b Bergauer, T.b Brandstetter, J.b
Brondolin, E.b Dragicevic, M.b Erö, J.b Flechl, M.b Friedl, M.b Frühwirth, R.bgr Ghete, V.M.b
Grossmann, J.b Hrubec, J.b Jeitler, M.bgr König, A.b Krammer, N.b Krätschmer, I.b Liko, D.b
b b b b b b b b




  View additional affiliations
 View references (34)
PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.
Metrics 
0 Citations in Scopus
0 Field-Weighted
Citation Impact
Cited by 0 documents
Inform me when this document
is cited in Scopus:
Related documents
,  ,
(2015) Physical Review C -
Nuclear Physics
,  ,
(2017) Chinese Physics C
,  , 
(2016) Physical Review C
  








fluctuations in PbPb and p Pb
collisions
 Khachatryan, V. Sirunyan, A.M.
Tumasyan, A.
Sub-leading flow modes in PbPb
collisions at √sNN = 2.76 TeV
from the HYDJET++ model




momentum in relativistic heavy
ion collisions in a multiphase
transport model
 Xiao, K. Yi, L. Liu, F.
View all related documents based
on references
Funding number Funding sponsor Acronym
Hispanics in Philanthropy HIP
California Department of Fish and Game DFG
Secretaría de Estado de Investigación, Desarrollo e Innovación SEIDI
Qatar National Research Fund QNRF
National Research Foundation NRF
Ministry of Science ICT and Future Planning MSIP
Canadian Mathematical Society CMS
A.G. Leventis Foundation
Academy of Finland
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior CAPES
National Science Council NSC
Ministerio de Educación y Cultura MEC
Fonds pour la Formation à la Recherche dans l’Industrie et dans
l’Agriculture
FRIA
Research Promotion Foundation RPF
Science and Technology Facilities Council STFC
Austrian Science Fund FWF
Bundesministerium für Wissenschaft, Forschung und Wirtschaft BMWFW
National Academy of Sciences of Ukraine NASU
Instituto Nazionale di Fisica Nucleare INFN
Department of Atomic Energy, Government of India DAE
Department of Science and Technology, Ministry of Science and
Technology
DST
Conselho Nacional de Desenvolvimento Científico e Tecnológico CNPq
Russian Foundation for Basic Research RFBR
Federaal Wetenschapsbeleid BELSPO
Center for African Studies CAS
Departamento Administrativo de Ciencia, Tecnología e Innovación COLCIENCIAS
Alexander von Humboldt-Stiftung
Virbac New Zealand
European Geosciences Union EGU
National Institutes of Health NIH
Fonds Wetenschappelijk Onderzoek FWO
Santa Fe Institute SFI
Ministry of Education and Science MES
Louisiana Academy of Sciences LAS
Secretaría de Educación Superior, Ciencia, Tecnología e Innovación SENESCYT
State Fund for Fundamental Research of Ukraine SFFR




Fuel Cell Technologies Program FCT
 ▻Authors
